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ABSTRACT 
Pure silica particles have been successfully synthesized from rice husk ash (RHA) by 
precipitation method. The characterization of silica was performed by X–ray diffraction, X–ray 
fluorescence, Fourier transform infrared spectroscopy, Brunauer–Emmett–Teller specific surface 
area, and transmission electron microscopy. The characterization results show that the obtained 
amorphous silica was 99.8 % purity with average particle size of 5–10 nm, and high specific 
surface area of 224 m2/g. Additionally, for the first time that RHA–silica was successfully 
applied as an anti–caking agent for a NPK–fertilizer. A suitable content of silica was evaluated 
through the level of anti–caking. The testing results show that with only 1.5 wt% of RHA–silica 
particles could replace kaolin as an anti–caking agent for the NPK–fertilizer. 
Keywords: silica, rice husk ash, anti–caking, precipitation, fertilizer. 
1. INTRODUCTION 
Rice husk (RH) is considered as one of agricultural waste materials. According to Mekong 
Delta Development Research Institute (Vietnam), RH was over 4 million tons every year in 
Vietnam’s Mekong Delta. Nowadays, the RH was used as burning material for thermal 
processes in some factories. In 2020, RH will be taken advantage in the thermoelectric industry 
so that a large amount of rice husk ash (RHA) will be used. However, RHA is one of the most 
silica–rich raw materials containing over 60 % of silica, a small amount of metallic impurities, 
and ash of organic components [1]. 
Silica produced from RHA has microparticle size, exists in amorphous phase and is 
chemically inert. Because of these features, silica has many applications, such as adsorption 
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materials [2], catalyst [3], additives in rubber [4]. However, in Vietnam, there is not any research 
into ability of silica powder as an anti–caking agent in the fertilizer industry. 
In this work, silica particles were produced from RHA by precipitation method at pH 7. 
This is a simple and environmentally friendly method. The effects of synthesized conditions on 
the extracted yield and the purity of silica such as concentration of NaOH, reaction time, 
concentration of HCl, and volume percentage of ethanol were investigated. The characterization 
of the obtained silica was performed by X–ray diffraction (XRD), X–ray fluorescence (XRF), 
Fourier transform infrared spectroscopy (FTIR), Brunauer–Emmett–Teller (BET), transmission 
electron microscopy (TEM), and dynamic light scattering (DLS). The application of obtained 
silica as an anti–caking for NPK–fertilizer was studied and compared to kaolin which is a 
popular anti–caking agent in the fertilizer industry. 
2. MATERIALS AND METHODS 
2.1. Materials 
RHA was obtained from burning the husk at 200–300 °C, 45 minutes in Dong Thap 
province, Vietnam. The NPK–fertilizer was derived from Binh Dien Fertilizer Joint Stock 
Company, Long An Province, Vietnam. Hydrochloric acid (36.46 wt%) and sodium hydroxide 
(99 wt%) were purchased from Xilong Chemical, China. Ethanol (99.7 vol%) was purchased 
from ViNa Chemsol, Vietnam. All chemicals were analytical grade and used as received without 
further purification. 
2.2. Investigation of the effect of synthesized conditions on the extraction and purity of 
silica 
2.2.1. Effect of the concentration of NaOH on the extracted yield of silica 
Silica from RHA was synthesized using precipitation method [5]. In brief, 10 grams of 
RHA sample was stirred in 200 mL of NaOH solutions (0.2, 0.5, 0.8, 1.0, and 1.2 N, 
respectively) at 90 °C. After that, the filtrate was allowed to cool down to the room temperature 
and added 1 N HCl solution until pH 7. The formed silica gel was aged for 12 hours. The gel 
was washed with a mixture of ethanol and water, and then dried at 70 °C for 8 hours in a dry 
oven. The silica powder was obtained after milling the dried solid. 
2.2.2. Effect of the reaction time on the extracted yield of silica 
The process was similar as shown in section 2.2.1 with the optimum obtained concentration 
of NaOH solution. The reaction time was changed into 30, 60, 90, 120, and 150 minutes, 
respectively. 
2.2.3. Effect of the concentration of HCl on the purity of silica 
The process was similar as shown in section 2.2.2 with the optimum obtained reaction time. 
The concentration of HCl solution was changed into 1, 3, 4, and 5 N, respectively. 
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TEM images (Figure 9) show that size of silica particles approximated to 5–10 nm. 
However, the most of silica particles were aggregated together. This caused increasing particle 
size and porosity. Therefore, the obtained silica had porous structure, was appropriate for 
purpose of adsorbing moisture which was a primary caking agent for the fertilizer. 
3.4.4. BET specific surface area 
The obtained silica had the specific surface area of 224 m2/g. This value is in medium level 
in comparison with the previous reports as shown in Table 1. 
Table 1. BET specific surface area of silica in the present work with other reports. 
BET specific surface area (m2/g) Reference 





3.5. Effect of the content of silica powder in modified fertilizer 
Table 2. Effect of the anti–caking agent in the samples on the breaking force. 
Samples Anti–caking agent content, wt% Breaking forces, N 
1 0 wt% of silica 95 
2 1 wt% of kaolin 7 
3 0.5 wt% of silica 9 
4 1 wt% of silica 2 
5 1.5 wt% of silica * 
6 2 wt% of silica * 
(* The samples were not aggreated) 
Table 2 shows that the breaking force of the commercial fertilizer violently declined when 
adding 0.5 wt% the silica (from 95 N to 9 N). This result indicates that the anti–caking ability of 
commercial fertilizer was significantly improved. When the content of silica was 1.5 wt%, the 
fertilizer granules were not aggregated. In addition, at the same content of silica (1 wt%), the 
level of anti–caking when using the silica was better than using the kaolin. Therefore, the 
suitable anti–caking agent for the commercial fertilizer is the silica powder with the content of 
1.5 wt%. 
Ability of anti–caking of silica was supposed that silica contained a lot of OH groups. 
These groups formed hydrogen bonds with moisture, simultaneous, the porous structure of silica 
kept the moisture from the fertilizer particles. 
4. CONCLUSIONS 
In this study, the silica from RHA was successfully synthesized by precipitation method at 
pH 7. The effect of experimental factors on the purity and the extracted yield of silica were 
studied and suitable synthesized conditions were determined as 1 N of NaOH, 120 minutes of 
reaction time, 5 N of HCl and 50 % volume of ethanol in the washing solution. 
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The obtained amorphous silica was 82.4 % of extracted yield, 99.8 % purity with average 
particle size of 5–10 nm, and high specific surface area of 224 m2/g. 
The NPK coated silica fertilizer particles were fabricated by dry–mix method. The testing 
results show that at with 1.5 wt% of silica could be used as an anti–caking agent and replaced 
kaolin for the NPK–fertilizer. 
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